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THE FUNGICIDAL PROPERTIES OF CERTAIN
SPRAY-FLUIDS. III.
BY E. HORTON AND E. S. SALMON,
Research Department, 8.E. Agric. College, Wye, Kent.
As an aid to the elucidation of the problem of the exact fungicidal value
of a mixture of lime-sulphur and arsenate of lead—a matter of great
importance to the practical fruit-grower—spraying experiments were
carried out during 1921 with certain spray-fluids containing arsenic or
lime-sulphur and its constituents.
Method. In order to ascertain within narrow limits the fungicidal
value of any solution, it is obviously necessary to maintain as fixed a
biological standard as possible. To ensure this, the fungus used in com-
parative experiments should be in the same stage of development and,
if it is a parasite, the host-plant used should also be " standardised " as far
as possible—since it has been shown(2) that the same stage of a fungus
may be more easily killed when on the older leaves of a plant than on
the younger.
In all the experiments described below, the fungus used was Sphaero-
theca Humuli (DC.) Burr., and the stage selected for spraying was the
young, "powdery," conidial stage produced on young leaves, at the
3rd to 9th node, of rooted cuttings of hop-plants (Humulus Lupulus,
Linn.) grown in an unheated greenhouse. To escape as far as possible
variation on the side of the host-plant, with possible consequent effects
on the vigour of the parasitic fungus, all the plants used were clone-
plants, i.e., plants raised vegetatively by cuttings taken from one indi-
vidual hop-plant. The general methods of spraying and of the examina-
tion of the sprayed leaves, etc. have been described in previous articles
(l, 2). In order to secure complete wetting of the fungus, calcium casein-
ate (1 per cent.) was added to the solutions used.
Where care is taken to obtain in this way strictly similar biological
conditions of parasitic fungus and host-plant, it becomes possible, as
shown below, to determine within narrow limits the fungicidal value of
a solution. In all the experiments described below "powdery" conidial
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patches of S. Humuli were selected for spraying on one leaf at a node,
while the similar patches of mildew on the other leaf at the same node
served as "controls."
The experiments carried out fall into two classes: viz. (1) those in
which arsenical solutions were used; and (2) those in which lime-sulphur
or its constituents were used.
1. EXPERIMENTS WITH SOLUTIONS CONTAINING ARSENIC.
Several investigators have stated from time to time that arsenic
possesses some fungicidal power. Waite(3), who appears to have been
the first to have discovered this, stated in 1910 that arsenate of lead
"seems to possess considerable fungicidal value, though probably not
enough to be depended upon for general use." Similar statements have
been made by Clinton(4) and Watkins(5). Wallace, Blodgett and Hesler(6)
considered that arsenate of lead was "about as effective as lime-sulphur"
in controlling apple-"scab" (Venturia inaequalis) in the orchard; but
state that in laboratory experiments with germinating spores of apple-
"scab," "brown rot" and Sphaeropsis, arsenate of lead was found to
have only "a weak fungicidal value." Morse has repeatedly claimed
fungicidal powers for arsenate of lead; in 1914 he stated(7) that " arsenate
of lead paste controlled apple scab as well as Bordeaux mixture and lime-
sulphur," and, from observations made on trees in sprayed orchards,
that "even small or medium applications of arsenate of lead possess a
distinct fungicidal value"; in 1915, the conclusion was drawn(8), again
from observations made in sprayed orchards, that "arsenate of lead was
less efficient in controlling scab than the standard fungicides, but still
noticeable." In 1916 Morse stated(9) that arsenate of lead alone controls
apple-" scab " on the fruit (apple) as well as, or better than, lime-sulphur
mixed with arsenate of lead, but added that "laboratory experiments
by Mr M. Shapovalov failed to show for arsenate such high fungicidal
properties as the field experiments indicated. Germination of conidia
of the fungus (Venturia inaequalis) placed in similar dilutions of the
poison was reduced and retarded, but by no means prevented." In 1918,
Morse, in recording(io) the results of spraying experiments in apple
orchards, stated that "the use of arsenate of lead alone as a spray re-
duced the amount of scab on the foliage from 90 to 95 per cent." Sanders,
in 1917, from spraying trials made in the orchard, recorded(ii) that "the
arsenate of lime alone seems to be almost as valuable a fungicide as the
arsenate of lead alone." On the other hand, the statement has been made
by Pickett(i2) that arsenate of lead has practically no fungicidal value.
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As will be seen from the above, the statements as to the fungicidal
value of arsenic rest on observations made in the field, except in two cases
where experiments were made with germinating spores. We have not
been able to find in the literature of the subject a single case in which the
experimenter has used arsenical solutions of varying strengths on a
fungus kept under close observation and determined the necessary
strength for complete fungicidal action.
Materials used. Sodium arsenates. In the first instance the sodium
hydrogen arsenate Na2HAs04 and trisodium arsenate solutions were
prepared by neutralising a solution of a known weight of pure arsenic
acid with the theoretically necessary weights of sodium hydroxide
(Experiments 23, 25, 27). Afterwards pure Na2HAsO47H2O was pre-
pared by crystallising the commercial dodecahydrate above 20°, and the
trisodium arsenate was prepared from it by treating the solution with
the calculated weight of sodium hydroxide solution and crystallising.
The amount of arsenic in these salts was estimated by distilling with
cuprous chloride and hydrochloric acid and titrating the distillate with
iodine (Experiment 41).
Calcium Arsenates. In the first instance sprays of the required con-
centration of these substances were prepared simply by taking a solution
of the corresponding sodium salt of double the required strength and
diluting to double the volume with a solution of the necessary amount
of calcium chloride (Experiments 19, 20, 22, 28). The spray solution of
course contained sodium chloride (which at so great a dilution was prob-
ably quite without effect on the hop leaf) as well as the calcium arsenate.
In this method of preparation (with dilute solutions) calcium chloride
produces a precipitate with sodium hydrogen arsenate but the precipitate
dissolves on dilution; with trisodium arsenate the precipitate is insoluble.
For later experiments two calcium arsenates were prepared, the first
by treating a solution of 11-5 grams of calcium chloride in 25 c.cm. of
water with a solution of 32 grams of crystallised disodium hydrogen
arsenate (Na2HAs047H20), the second by adding a solution of calcium
chloride of the same strength to a solution of 31 grams of crystallised
disodium hydrogen arsenate which had been previously treated with a
solution of 4 grams of pure sodium hydroxide. In each case the precipitate
was filtered on a Buchner funnel, thoroughly washed with cold water and
dried in the air at room temperature. For the purpose of spraying the
calculated quantities of these arsenates were weighed out, triturated with
water and the suspension diluted (partly with 10 per cent, calcium
caseinate solution) to the required strength (Experiments 31, 33, 34).
Journ. of Agric Sei. xn 19
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Experiment 23. Disodium arsenate (containing 0-096 per cent As2O5)-
On the first day (24 hours) after spraying, all the mildew-patches on all
the sprayed leaves were barren and apparently dead, while those on the
control leaves were very vigorous and densely "powdery." By the third
day after spraying, the fungicidal nature of the solution was clearly
evident. Each spot of mildew was conspicuous as a dead, white mycelial
patch. There was also a brown patch of dead leaf-cells, sometimes corre-
sponding in size with the area of the dead mycelium, sometimes smaller.
-Ihe healthy parts of the leaf showed no trace of injury.
Experiment 27 bis. Disodium arsenate (0-024 per cent. As 0 )•
Experiment 41. Disodium arsenate (0-02 per cent. As2O ) *
Both the above solutions proved fungicidal; no leaf-cells underlying
the mildew-patches were killed by the solution.
Experiment 25. Trisodium arsenate (containing 0-077 per cent .
As2O5). The fungicidal effect of the solution was clearly evident 24 t o u r s
after spraying. By the third day, on some of the leaves, small b r o w n ,
burnt" patches of leaf-cells, underlying the mildew-patches, t a d
appeared, similar to those noticed in Experiment 23 (see above).
Experiment 20. Dicaldum arsenate (0-096 per cent. As2O ) J3y t l i e
fourth day all the mildew-patches on the sprayed leaves' were d e a d ;
those on the "control" leaves (sprayed with 1 per cent, calcium c a s e i n a t e )
were very vigorous and densely powdery. No trace of " s c o r c h i n g "
occurred on the sprayed leaves.
Experiment 22. Dicaldum arsenate (0-048 per cent. As 0 ) Orx t l i e
first day (24 hours) after spraying, the mildew-patches on all the s p r a y e d
leaves (four) were dead—the mycelium, although still white was c o m -
posed of hyphae in a floccoso-collapsed condition. All the mi ldew-p»* c ] i e S
on the "control" leaves (four), which had been left unsprayed were v e r y
vigorous and densely "powdery." '
Experiment 28. Dicaldum arsenate (0-024 per cent. As2O ) Oxx t i i e
second day after spraying most of the mildew-patches w e r e Y a r r e n — a
very few patches, however, bore a few weak conidiophores at their e d g e s -
ihe raildew-patches on the "control" leaves (unsprayed) were all v e r ^
vigoro-us and densely "powdery." By the seventh day no further g r o w t h
of the mildew had taken place. By the thirteenth day the mildew-pa -fcohes
were al l killed; on three leaves there were small, distinct " s c o r c h e d "
areas of dead leaf-cells limited to the places where the'milder t a d
occurred (cf. B*J*m*u 23). The general appearance of the spyr
leaves suggested tht the solution used was just fungicidal.
Experiment 33. )icaldum arsenate (0-01 per cent. As2O5). The
E. HOBTON AND JE. S. SALMON 273
tion exerted a slight checking action on the mildew-patches on two of
the five sprayed leaves; on the remaining three leaves the mildew-patches,
on the fourth day after spraying, were as "powdery" as those on the
"control" leaves (unsprayed). The solution at this strength, then, was
practically non-fungicidal.
Experiment 19. Tricalcium arsenate (0-076 per cent. As2Os). By the
fourth day after spraying the mildew-patches on all the sprayed leaves
(five) were barren and apparently dead; on the "control" leaves (five),
sprayed with 1 per cent, calcium caseinate, all the mildew-patches were
very vigorous and densely "powdery." By the sixteenth day it was clear
that the solution had been completely fungicidal. No trace of "scorch-
ing" appeared anywhere on the leaves.
Experiment 31. Tricalcium arsenate (0-02 per cent. As2O5). By the
third day several of the mildew-patches on four of the (seven) sprayed
leaves had developed fresh conidiophores at the edges of the patches—
a clear indication that the solution was not quite fungicidal; on three of
the leaves the patches were all barren. At this date all the mildew-
patches on the seven "control" leaves, which had been sprayed with
1 per cent, calcium caseinate, were very vigorous and densely "powdery."
At the end of the experiment, i.e., on the twelfth day, the condition of
the mildew on the sprayed leaves was as follows: leaf (1), (2), (3), at the
4th, 5th, 6th nodes; clustered conidiophores round the edges of all the
patches, while the mycelium was barren and probably dead at the centre
of each patch. This condition indicates that the solution used was of a
not quite fungicidal strength. Leaf (4) at the 3rd node, and leaf (5) at
the 5th node; the mildew-patches now bearing densely clustered "pow-
dery" conidiophores at their edges—indicating that the solution was
almost non-fungicidal. Leaf (6) and (7), at the 6th and 7th nodes; many
of the patches remained permanently barren and were probably killed;
a few developed weak scattered conidiophores at their edges. Here the
solution proved almost but not quite fungicidal. In previous experi-
ments (2) it had been found that a " powdery " patch of mildew is easier
to kill when growing on an older leaf than on a younger leaf.
Experiment 34. Tricalcium arsenate (0-01 per cent. As2O6). By the
seventh day only a slight checking action on the growth of the mildew
was evident, most of the patches now bearing densely clustered, more or
less "powdery" conidiophores. It was clear that the solution at this
strength is practically non-fungicidal.
19—2
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2. EXPERIMENTS WITH "LIME-SULPHUR" AND ITS CONSTITUENTS.
These experiments—preliminary to a contemplated study of the
fungicidal and insecticidal properties of a mixture of lime-sulphur and
arsenates—were for the purpose of ascertaining to which constituent or
constituents of lime-sulphur the fungicidal property of this spray-fluid
is due, and also to determine the exact strength of such constituents
fungicidal for the "powdery" conidial stage of S. Humuli.
It was found(20) that the addition of a solution of calcium caseinate
—a substance first used with a fungicide, apparently, by Vermorel and
Dantony(i3)—increased the wetting powers of lime-sulphur so satis-
factorily that its fungicidal properties at various dilutions could be
accurately measured. Concordant results were obtained when a solution
of lime-sulphur of a certain strength, to which a solution of calcium
caseinate had been added, was compared, using the method described
below, with a lime-sulphur solution alone of the same strength. Some of
the details of these experiments may be given here, since they serve also
to show the close approximation of the lower limit of the fungicidal con-
centrations and the upper limit of the non-fungicidal concentrations of
lime-sulphur for the particular fungus.
The method employed was—since a soap solution cannot be used
with lime-sulphur for chemical reasons—first to spray the mildew with a
1 per cent, soft soap solution (which removed the air entangled among
the conidia and conidiophores and wetted all the parts), then to spray
thoroughly with water to remove the soap solution, and immediately
afterwards with the lime-sulphur solution. Observations showed that
the treatment with soft soap and then with water had no deleterious
efEect on the mildew, since by the fourth day after treatment (and often
earlier) the sprayed mildew-patches were fully as vigorous and as
powdery as the unsprayed ones on the "control" leaves.
In the following two experiments the lime-sulphur solution was
applied after the preliminary treatment described above. A commercial
brand of lime-sulphur ("Sulfinette") of 1-30 sp. gr. and containing
16-57 per cent, of polysulphide sulphur was used.
Experiment 10. Lime-sulphur, 1 part to 99 parts of water (0-16 per
cent, polysulphide sulphur). The solution proved completely fungicidal.
Experiment 9. Lime-sulphur, 1 : 199 (0-08 per cent, polysulphide
sulphur). On the fourth day after spraying the mildew-patches were all
barren. By the sixth day scattered conidiophores had appeared from
some of the patches, while the remaining patches were still barren. These
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conidiophores persisted to the end of the experiment (14 days). Lime-
sulphur at this strength (0-08 per cent, polysulphide sulphur) appeared
to be just breaking down in fungicidal efficiency.
In the corresponding experiments the same brand of lime-sulphur
was used mixed with a solution of calcium caseinate.
Experiment 14. Lime-sulphur, 1 : 99 (0-16 per cent, polysulphide
sulphur) and 1 per cent, calcium caseinate. The solution proved com-
pletely fungicidal within 24 hours after spraying; and the same was the
case when 0-5 per cent, calcium caseinate was used.
Experiment 15. Lime-sulphur, 1 : 149 (0-11 per cent, polysulphide
sulphur) and 1 per cent, calcium caseinate. Complete fungicidal action
resulted.
Experiment 16. Lime-sulphur, 1 : 199 (0-08 per cent, polysulphide
sulphur) and 1 per cent, calcium caseinate. On the tenth day after
spraying, a few of the mildew-patches had produced fresh, clustered
conidiophores, and others, scattered conidiophores; many of the patches
were dead. It was clear that at this strength the solution was not quite
fungicidal.
A reference to the literature of the subject seemed to show that
chemists were not in complete agreement as to what chemical compounds
constitute the spray-fluid universally known as lime-sulphur (compare
Van Slyke, Hedges, and Bosw#rth (14); Tartar (15); Ramsay (16); Thompson
and WMttier(i7); Bodnar(i8); Chapin(i9)). The following compounds,
which are known or suspected constituents, were tried singly: calcium
sulphate, sulphite, thiosulphate, hydroxyhydrosulphide and polysul-
phide (probably pentasulphide). The result of each experiment is given
below.
Materials used. Calcium sulphate. A saturated solution of this salt
was prepared by neutralising a boiling solution of 2 grams of pure
sulphuric acid in 250 c.cm. of water with a slight excess of carefully
purified precipitated calcium carbonate, filtering the liquid and allowing
the filtrate to cool. The spray was prepared by mixing the filtrate with
enough calcium caseinate solution to give a 1 per cent, concentration of
the latter.
Experiment 32. Calcium sulphate (saturated solution) and 1 per cent,
calcium caseinate. Clustered conidiophores were re-formed on all the
mildew-patches by the second day, and by the fourth day the patches on
the sprayed leaves were as "powdery" as those on the "control" leaves.
Calcium sulphite. A solution of 25 grams of crystallised sodium
sulphite in the minimum amount of water was added to a solution of
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23 grains of calcium chloride (prepared from twice reprecipitated calcium
carbonate) in a small volume of water. A wMte flocculent precipitate
formed which quickly became powdery. This was filtered on a Buchner
funnel, thoroughly washed with cold water and whilst still wet was trans-
ferred to a beaker with 250 c.cm. of water and stirred mechanically for
an hour. The solid was then allowed to settle and the supernatant liquid
filtered. For spraying 90 c.cm. of this solution were mixed with 10 c.cm.
of calcium casemate solution (10 per cent.).
Experiment 36. Calcium sulphite (saturated solution) and 1 per cent,
calcium caseinate. Exactly the same result was obtained as in Experi-
ment 32, described above.
A saturated solution of calcium sulphite having proved to be non-
fungicidal, a suspension of the solid sulphite was adjusted (by means of
titration with standard iodine solution) to contain 5 grams in 90 c.cm.
of liquid and this 90 c.cm. treated with 10 c.cm. of 10 per cent, calcium
caseinate solution for spraying.
Experiment 40. Calcium sulphite (suspension), 5 per cent., and 1 per
cent, calcium caseinate. Exactly the same result was obtained as in
Experiment 32, described above.
Calcium thiosulphate. The preparation of a small quantity of the pure
salt is rendered difficult by its high solubility in water, and an attempt
to obtain it by double decomposition of calcium chloride with sodium
thiosulphate failed through the inferior solubility of sodium chloride.
By stirring a mixture of 27 grams of pure barium thiosulphate
(BaS2O3.H2O) and 16 grams of pure calcium sulphate (CaSO4) in 250
c.cm. of water for 10 hours and then filtering, a solution was obtained
which gave a reaction for sulphate but not for barium and on titration
with standard iodine solution proved to contain 1-321 grams of thio-
sulphate sulphur per 100 c.cm. This solution contained only calcium
thiosulphate and calcium sulphate and the latter had been proved non-
fungicidal. Ordinary commercial lime-sulphur solution contains roughly
1-5 per cent, of thiosulphate sulphur per 100 c.cm., so that the wash
obtained by diluting with 29 parts of water contains 0-05 per cent, of
thiosulphate sulphur. A spray solution containing the same amount of
sulphur (as calcium thiosulphate) was prepared by diluting 3-78 c.cm.
of this calcium thiosulphate solution with water, adding 10 c.cm. of
10 per cent, calcium caseinate solution and making up to 100 c.cm. This
was applied (Experiment 38) and proved to be quite non-fungicidal.
A solution ten times as strong was prepared by adding 10 c.cm. of
calcium caseinate solution (10 per cent.) to 37-85 c.cm. of the calcium
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thiosulphate solution and diluting to 100 com. This was applied (Ex-
periment 35) and some fungicidal action was observable. The patches
on the sprayed leaves were all barren on the second day after spraying;
by the fourth day conidiopliores had begun to be developed from some
of the patches, and by the seventh day clustered conidiophores either
covered these patches or had developed round their edges. The solution
thus proved ultimately non-fungicidal.
Calcium hydroxyhydrosulphide. A concentrated solution of calcium
hydrosulphide was prepared in the manner described by Divers and
Shimidzu (Chem. Soc. Trans. 1884, 45, 272) by bubbling hydrogen
sulphide through a suspension of pure calcium hydroxide in water, fresh
lime being added at intervals as the liquid becomes clear. A pale yellow
solution was obtained which was diluted for analysis and use. The mono-
sulphide sulphur was estimated by Chapin's method.
Commercial lime-sulphur solution (concentrated) contains about
6 per cent, of monosulphide sulphur. Hence a wash diluted to the extent
of 1 in 150 (which we found to be the minimum fungicidal strength for
hop-mildew) will contain 0-04 per cent, of monosulphide sulphur. Ac-
cordingly spray solutions (each containing 10 c.cm. per 100 c.cm. of the
10 per cent, calcium caseinate solutions) were prepared by diluting this
calcium hydrosulphide solution so as to contain the required amount of
monosulphide sulphur.
Experiment 27. 0-04 per cent, monosulphide sulphur and 1 per cent,
calcium caseinate. The solution was non-fungicidal; conidiophores were
re-formed 24 hours after the spraying, and the patches were densely
"powdery" by the fourth day.
Experiment 30. 0-34 per cent, monosulphide sulphur and 0-5 per cent,
calcium caseinate. The solution was non-fungicidal; the patches bore
fresh conidiophores by the second day, and became "powdery" soon
afterwards.
Experiment 29. 0-85 per cent, monosulphide sulphur and 0-5 per cent,
calcium caseinate. On the second day after spraying, the patches were
practically obliterated by the deposit from the spray-fluid and were
barren. By the fifth day conidiophores had begun to develop from most
patches (chiefly from their edges), even where the deposit had completely
covered the patch. By the ninth day it was quite evident that the
solution was non-fungicidal, most of the patches being as powdery as
those on the "control" leaves.
Calcium polysulphide. Calcium hydrosulphide solution was prepared
as described above and the monosulphide sulphur estimated. A measured
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portion of the concentrated solution was heated on a water-lath, with
excess of powdered sulphur until no more dissolved, when the red liquid
was decanted and preserved. The polysulphide sulphur in this solution
was estimated by Chapin's method.
Commercial lime-sulphur solution contains about 25 grams per 100
c.cm. of polysulphide sulphur and thus gives 0-33 per cent, of polysul-
phide sulphur in a 1 in 75 dilution. The calcium polysulphide solution
was diluted to contain 0-33 per cent, of polysulphide sulphur.
Experiment 43. Calcium polysulphide (0-33 per cent, poljsulphide
sulphur) and 1 per cent, calcium caseinate. The solution proved fungi-
cidal, the fungicidal effect being evident by the fourth day after spraying.
The experiments described above tend to show that the only con-
stituent of lime-sulphur solution which has appreciable fungicidal power
(at the strength at which this solution is used in practice) is calcium
polysulphide.
This result is in agreement with the previous work (i, 2) mtb. am-
monium polysulphide solutions.
SUMMARY.
The following solutions were tested with respect to their fungicidal
properties towards the "powdery," conidial stage of S. Humuli on young
hop-leaves in the greenhouse:
(1) Disodium arsenate, containing 0-096 per cent. As2O6 proved
fungicidal and killed also patches of leaf-cells underlying the mildew-
patches, but did not otherwise injure the leaf. A solution containing
0-02 per cent. As2O5 was fungicidal without killing any leaf-cells.
(2) Trisodium arsenate containing 0-077 per cent. As2O5 proved
fungicidal.
(3) Dicalcium arsenate.. containing 0-048 per cent. As2O5 proved
fungicidal; containing 0-024 per cent. As2O5 the solution was apparently
just fungicidal, but with 0-01 per cent. As2O5 the solution was practically"
non-fungicidal.
(4) Tricalcium arsenate containing 0-076 per cent. As2O5 is fungi-
eidal; containing 0-02 per cent. As2O5 it possesses some fungicidal value,
but with 0-01 per cent. As2O5 it is practically non-fungicidal.
(5) The following constituents of lime-sulphur wash proved non-
fungicidal: calcium sulphate, sulphite, thiosulphate, hydroxyhydro-
sulphide.
(6) Calcium polysulphide, at a strength of 0-11 per cent., proved
fungicidal.
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